The reaction path Hamiltonian model recently formulated by Miller, Handy, and Adams [J, Chern. Phys. 99 (1980)] is applied to the uni~ molecular isomerization HNC + HCN. The reaction path, and the energy and force constant matrix along it, are calculated at the SCF level with a large basis set ("double zeta plus polarization"), and the micro~ canonical rate constant k(E) is computed in the energy range near and below the classical threshold of the reaction, It is seen, for example, 5 ~l that rates as fast as 10 sec can occur at energies -8 kcal/mole below the classical threshold.
I. Introduction
It has recently been shown 1 how the idea of Marcus' 2 natural callision coordinates for A + BC ~ AB + C reactions can be generalized to describe chemical reactions involving more-than-three-atom molecular systems. The development which makes this approach practically feasible, from the point of view of ab initio reaction dynamics, is that quantum chemists have in recent years devised efficient ways for computing the gradient of the electronic energy, 3 i.e., its derivative with respect to nuclear coordinates. This makes it possible to determine the reaction Eath, 4 ' 5 i.e., the steepest descent path (if mass-weighted cartesian coordinates are used for the nuclei) from a saddle point on the potential energy surface to reactants and products, without having to search explicitly in the (3N-6) dimensional space of nuclear coordinates,
With the additional information of the second-derivative matrix of the electronic energy along the reaction path, it is then possible to determine all the quantities that specify the "reaction path Hamiltonian" 1 which describes the nuclear dynamics.
One of the interesting and possibly important applications of this theoretical approach is to describe the effects of tunneling on chemical reaction rates. Tunneling corrections to thermally averaged bimolecular rate constants, usually within the framework of transition 6 7 state theory. have received considerable attention over the years. ' 8 and it has been recently pointed out that tunneling can have very dramatic effects on collisionless unimolecular decay rates of molecules,
The effect of tunneling in the unimolecular case can be especially prominent if one observes the decay of isolated (Leo, collisionless) molecules t~at are prepared \·Ji th a definite total energyo If this energy is helovl the classical threshold, for example, then the reaction can proceed only via tunneling. For thermally averaged rate constants, on the other hand, there is always some probability of reaction without tunneling since for any temperature there is a finite probability of the system having an energy above the classical threshold; at no temperature, therefore, does the reaction proceed solely by tunneling. For the unimolecular process considered previously, 8 Section II first briefly summarizes the reaction path Hamiltonian, and the calculation of the reaction path is described in Section III.
Section IV then describes the rate constant calculation, specifically how tunneling probabilities are determined, and presents the results.
One sees that tunneling allows reaction rates as fast as 10 5 sec~1 at energies -8 kcal/mole below the classical threshold. The lifetime (with respect to isomerization to HCN) of isolated HNC in its ground vibrational state, however, is estimated to be longer than the age of the universe, and thus too slow to be significant even in interstellar space.
II. The Reaction Path Hamiltonian
We consider an N~atom system with a potential energy surface that has a single saddle point separating reactants and products. If R iy' i = l, .
•. ,N andy~ x,y, or z denote the cartesian coordinates of the The difficult step in the above procedure is carrying out the transformation from the "zeroth order" action-angle variables (n,q) to the "good" action-angle variables (N,Q). Several numerical methods . With the Hamiltonian expressed in terms of (p ,s) and the "good" To summarize the results of this section, the model which is pro~ posed is "vibrat:ionally adiabatic" in that the transformation to "good" To assess the importance of tunneling, one needs to consider the time scale for competing processes under the conditions of interest.
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The flight time across a molecular beam chamber, for example, is ~ 10-5 sec, so that any rates faster than 10 5 sec~1 could be observed under beam conditions. Figure 4 indicates that rates this fast are obtained as much as -8 kcal/mole below the classical threshold.
In the absence of any collisions in interstellar space, the primary competing decay channel for vibrationally excited HNC is infrared chemiluminescence, At energies in the range of Fig. 4 Finally, to assess the importance of including the coupling elements {Bk k, } in the tunneling probability, the calculations were also 
V. Concluding Remarks
Because the non-separable coupling elements {Bk,k' } and {Bk, F} make a relatively minor contribution for this reaction, one believes that the microcanonical rate constants obtained are quite reliable.
The ab initio calculation of absolute energies is always very difficult, though, so that there could be as much as ± 3 kcal/mole uncertainty in the "true" value of the barrier height V By plotting the rate con~ sp stants as in Fig. 4 ~~ i.e •• as a function of energy relative to V sp we believe these results to be relatively insensitive to such minor changes in V sp Finally, it should be emphasized that the microcanonical rate conrate constant for total energy E, i.e., the rate constant averaged over all the different ways this energy E can be initially distributed in the molecule, There is no inherent assumption that the molecule will not have a decay rate faster than (or slower than) k(E) if the energy is put into the molecule in a particular way; i.e., HNC may isomerize faster or slower than k(E) if the energy E is initially in predominantly the C-H stretch, or the C-N stretch, etc., and k(E) is simply the average rate for this total energy E. To answer the question of mode specificity, i.e., whether or not the rate does depend on how the molecule is initially excited, requires the theory to delve into the dynamics of intramolecular energy transfer, and how the rate of this process compares to the rate of reaction. The reaction path Hamiltonian model is also capable of dealing with these questions and will be the subject of future publications.
